Benign paroxysmal positional vertigo (BPPV) is an otologic pathologic condition defined as a sensation of spinning triggered by changes in head position relative to gravity and caused by an entrapment of fragmented endolymph debris most commonly in the posterior semicircular canal. Confirmation of diagnosis requires experience with procedures that are poorly known by those other than practitioners with advanced otologic training. The complexity in the diagnosis of BPPV inspired the design of a questionnaire-based algorithm that would be useful for determining a vestibular diagnosis and treatment options.
B enign paroxysmal positional vertigo (BPPV) is an otologic pathologic condition defined as a sensation of spinning triggered by changes in head position relative to gravity and caused by an entrapment of fragmented endolymph debris most commonly in the posterior semicircular canal. [1] [2] [3] A population-based study 4 of BPPV reported a lifetime prevalence of 2.4%, a 1-year prevalence of 1.6%, and a 1-year incidence of 0.6%. The symptoms of BPPV can include brief episodes of spinning vertigo triggered by changes in head position; however, other vestibular disorders may have overlapping symptoms. To date, there is no accepted validated questionnaire for the diagnosis of BPPV. To help differentiate causes of vertigo and expedite diagnosis, Friedland et al 5 designed a statistical algorithm using preencounter intake data for predicting vestibular diagnoses such as BPPV. This questionnaire solicits information such as the nature of and triggers for dizziness and frequency and duration of episodes. Patient EMRs were reviewed to obtain the following information: vertigo, length of vertiginous spell (LOVS), and diagnosis. All included data were collected from the history of present illness from the first patient visit with a fellowshiptrained neurotologist or otologist. Patients were included only if the history of present illness contained all the information as listed above. The information was entered into the formula identified for the linear predictor (LP) of BPPV as defined in Friedland et al This was done using a 1 if present for each variable or a 0 if not present. If LOVS was defined as less than 20 minutes, all formulaic LOVS variables were given a value of 0. After the LP value was determined, it was transformed into an estimated probability (Pr) of BPPV with the following formula:
Nonparametric regression techniques were used to identify the statistical association between the LP value and vertigo. Simple logistic regression was then used to calculate the effect size of LP value on BPPV against all other patients. Predictive modeling was performed based on the LP cutoff value of 0.2, sensitivity and specificity were calculated, and area under a receiver operating characteristic (ROC) curve was calculated to assess the performance of the model. All statistical analyses in this work were performed using Stata software, version 15 (StataCorp).
Results
Of Meaning The statistical algorithm may serve as a useful tool in the diagnosis of benign paroxysmal positional vertigo as a source of dizziness in the outpatient, clinical setting.
based on the LP cutoff, with excellent predictive probabilities indicated by the area under the ROC curve of 0.91 (Figure) .
Discussion
In this assessment of the algorithm by Friedland et al, 5 we tested the formula for predicting a diagnosis of BPPV from the histories obtained by the practicing physicians in our otologic clinics. We found that this algorithm was a useful aid for determining a diagnosis of BPPV. We classified patients as having symptoms for seconds to minutes if they reported a duration of symptoms less than 20 minutes and classified patients as having symptoms for minutes to hours if they reported symptoms that lasted 20 minutes or longer. 5 We obtained this cutoff of 20 minutes from the study by Zhao et al 6 because greater than 20 minutes was seen as a negative predictor for a diagnosis of BPPV. The LP value of the model for BPPV was significant, with excellent predictive properties as demonstrated on crossvalidation. This finding provides justification that the algorithm by Friedland et al 5 predicts a diagnosis of BPPV. One patient had 2 diagnoses, one of which was BPPV. The LP value for this patient was not captured by our estimated probability cutoff and contributed to the false-negative results. In a study by Taura et al, 7 up to one-third of patients with Ménière's disease also had BPPV. Concomitant vertiginous diagnoses may complicate use of this formula. In contrast, we had no falsepositive results, demonstrating that patients are likely to have an eventual diagnosis of BPPV if indicated by this formula. In a study that assessed the risk of BPPV in patients with vestibular migraine, Chu et al 8 discovered that patients with migraine had a 2.03-fold increased risk of developing BPPV compared with corresponding age-and sex-matched control individuals.
Limitations
Our study is limited by the retrospective nature of this review. It was difficult to differentiate between vertigo episodes that lasted seconds to minutes from those that lasted minutes to hours because this was not always accurately recorded. Our study used physician records and not a questionnaire completed by the patient, which may have made duration data of symptoms more reliable. Therefore, we were limited to only 106 of 200 patients. Patients may interpret duration of symptoms on a questionnaire to imply length of illness; however, neurotologists would more likely correctly record the duration of actual symptoms. These limitations could account for the relatively high sensitivity and specificity of this study compared with the model by Friedland et al. 5 In addition, there was only enough information to accurately calculate the LP value and compare diagnoses in half of the patients. The prevalence of BPPV in this study (8%) was lower than that in other reported series of patients who presented to clinics with dizziness and had BPPV. [9] [10] [11] This lower prevalence may be attributable to the referral pattern for our institution as opposed to a true prevalence in the community. Another explanation for the low prevalence of BPPV observed in this study is the duration that patients waited to see an otolaryngologist for evaluation of dizziness symptoms. 12, 13 The mean length of time that patients wait to see a dizziness specialist at Johns Hopkins University School of Medicine is 3 months. This finding suggests that patients who attend their appointments in our clinic to have their dizziness evaluated and are diagnosed with BPPV may have experienced symptoms for several months, during which they could have benefited from treatment with particle repositioning maneuvers. This finding motivates clinical pathways aimed at directing patients to appropriate treatment in a more timely manner.
Conclusions
This study suggests that the formula devised by Friedland et al 5 can identify BPPV in most patients with dizziness with a simple algorithmic tool, which may be especially helpful in the clinical setting to direct patients to an appropriate physician. Our results may more closely mirror how well a physician could stratify BPPV compared with data from a patient-derived questionnaire and, thus, prove to be a good predictor of BPPV. In addition, defining duration of symptoms to fit into the algorithm can be challenging. We used a predetermined cutoff of 20 minutes; however, a more accurate definition may be available. 
